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ABSTRACT
Each year the regional chapter of the American Society of Mechanical Engineers (ASME) put on
a Radio Controlled (R/C) Baja car competition. The R/C car designed for the competition must
compete in two events, a slalom sprint and an obstacle course. A successfully designed car will
not only be able to complete each event but also be competitive in each event. A main
component to the success of the R/C car is the suspension. The suspension design for this year’s
car must operate effectively without interfering with the steering and drivetrain designed by
Walter Lackey. The suspension utilizes a transverse leaf spring design which utilizes steel,
aluminum, and 3D printed ABS plastic components. The components were designed using
principals of statics and dynamics. Finite Element Analysis (FEA) was also used to verify the
initial analysis and optimize the component geometry. The suspension components were
designed to withstand a vertical impact from two feet off of the ground and a horizontal impact
within a similar load. The result of the suspension design is a system that works flawlessly. The
suspension system does not interfere with any other system of the car as it cycles through its full
range of motion. It has completed the two foot drop test without failure and completed both
events in the ASME competition.
1: INTRODUCTION
1.a: Motivation:
The CWU R/C Baja car from 2016 suffered broken suspension parts during the competition.
The CWU R/C Baja car for 2017 needs a redesigned and optimized suspension so that it will be
able to successfully complete the ASME competition. With the suspension handled, Walter
Lackey will be taking care of the drivetrain and steering on the car.
1.b: Function Statement:
The R/C Baja car suspension must be able to support the weight of the car while enduring the
ASME competition.
1.c: Requirements:
The following list describes the design requirements for the 2017 R/C Baja car suspension.
 Full suspension travel of 2” without interference.
 Springs must support the weight of a four pound car.
 Suspension support the car dropping from 2’ off the ground.
 Suspension must withstand the power from a 3.67 peak hp brushless electric motor.
 Suspension fasteners must be easily sourced standard size fasteners such as #4 and #6.
 As per ASME competition rules, design for parts interchangeability of 50% to allow for a
smaller amount of spare parts.
1.d: Engineering Merit:
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The engineering merit of this project is in the designing and optimizing of the R/C Baja car
suspension. The suspension will be designed against a list of requirements that it will be tested
against later on in the project. Each component in the suspension must be designed in such a way
that the suspension will be able to function without binding or breaking. In addition to building a
suspension that will be functional. The optimization of the suspension means it must also
outperform the suspension systems from the previous CWU R/C Baja cars in one form or
another.
1.e: Scope of Effort:
The scope of the project is to design and build a 1/10th scale R/C Baja car suspension system that
complies with the ASME R/C Baja competition rules. The project will consist of solely
designing the suspension system of the car around the existing chassis and that will operate
together with my partners steering and drivetrain design.
1.d: Success Criteria:
The success criteria for the R/C Baja car suspension will be to allow the car to successfully
complete the ASME R/C Baja car competition. The suspension must be able to function fully in
which it was designed as well as function effectively with the other components of the R/C Baja
car.
2: DESIGN & ANALYSIS
2.a: Approach
The proposed solution is a suspension and chassis for the 2016-2017 ASME Baja car. The
suspension will use a transverse leaf spring design for the front and rear of the car. The chassis
will be the same design as the last two CWU Baja cars with the exception of a one inch longer
length.
2.b: Design Description
The design of the suspension system is a symmetrical independent suspension system using
transverse leaf springs. Each component of the suspension is symmetrical. This reduces the
amount of spare parts needed and reduces the time
spent manufacturing parts. Because the differential
needs to occupy a portion of the rear of the car, the
differential assembly must fit within the rear
suspension mounts. The rear hubs are fixed and supply
power to the wheels while the front hubs must allow
for the steering of the car. For these reasons, the hubs
are the only non-symmetrical part of the suspension.
Figure 5 shows the design of the suspension. The
Figure B1: Baja Car Assembly
figure does not illustrate the travel up and down. The
nature of leaf springs requires adjustability in one end to allow the spring to change length
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throughout its travel. In order to accommodate this, the shackle used to connect the leaf spring to
the control arm can swivel to allow the change in length of the spring.

2.c: Benchmark
The benchmark for this year’s car will be the 2014-2015 CWU Baja Car. The 2014-2015 Baja
car is in need of some repair before it will be operational. Once the car is up and running it will
provide a benchmark for the 2016-2017 CWU Baja Car. The intent will we be to improve upon
as many parameters as possible that have been set by the previous model car. The 2014-2015 car
is a legitimate benchmark because it won the 2015 ASME Baja Car challenge.
2.d: Performance Predictions
The desired performance of the suspension is to allow for two inches of suspension travel. One
inch will be suspension compression and the other inch will be suspension droop. The leaf spring
will need to be able to deflect the proper distance to allow for this suspension action. The amount
of deflection needed in the spring will be determined by the location of the spring mount on the
control arm. The spring thickness and leaf pack size is determined by a drop from two feet
consuming the entire up travel of the suspension upon impact. The spring thickness calculation is
shown in Figure A5 located in Appendix A. Throughout the suspension travel, the camber will
be within plus or minus five degrees. The camber will go negative during suspension
compression and positive during suspension extension. Each suspension component of the car
will be able to withstand the weight of the car from a drop two feet off the ground. Each corner
of the suspension will be able to withstand a load of four times the weight of the car.
2.e: Description of Analyses
Because the main goal of the car was to complete the ASME R/C Baja Competition, the
numerical parameters were not specific values. The numerical design requirements were chosen
based on assumptions in the desired performance for the car.
For instance, the springs were designed to a two foot vertical drop. The two foot value was
chosen because it was assumed that a jump would be no greater than two feet. On to the control
arm analysis. They were also designed to an assumed value. Going into the analysis, there was
no data available to us to determine the stress that the car would see during a crash. The car was
then designed to an impact of four times the car’s weight. The weight of the car was also an
assumed value for the analysis. The calculations done during the analysis on the car can be found
in Appendix A.
2.f: Scope of Testing and Evaluation
The suspension will be tested against the original requirements for the car. In order to fulfill
those requirements, the car will go through a series of tests. These tests will either pass or fail
against the requirement. A fully successful car will fulfil every requirement. The final evaluation
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of the car will be in the ASME R/C Baja Competition. The cars ability to complete the
competition will be a success.
2.g: Analyses
The analyses required for the suspension system included the leaf spring
pack spring rate and the strength of the suspension components. The
component strength and design were based on the design requirements.
Because the control arms are made of ABS plastic, a weaker material,
and they are a complex design, the control arms were analyzed using
FEA to get a better idea of the stresses they could handle. Using the FEA
software, the arms were determined to be able to withstand the designed impact with a safety
factor greater than N = 1.8. In the event of a crash, the control arms will likely break. Because of
the limitations in space and strength, the arms will stay as they are. A bumper was added to help
protect the control arms during a crash.
Design Issues:
The nature of a transverse leaf spring design requires the leaf spring to span from one control
arm to the other. Therefore, the leaf spring spans across the area where the drivetrain and
steering must reside. Mounting the leaf spring underneath the car or overtop of the differential
were possible solutions but were deemed unacceptable. The proposed solution is to mount the
leaf spring at the very end of the chassis. This allows sufficient clearance for the differential and
steering. Given the nature of the suspension design, the set up can be the same for the front and
rear of the car.
Calculated Parameters:
The calculated parameters for the car were in the springs and the control arms. The springs had
spring rate requirements based on a vertical drop and the control arms had an impact requirement
in the event of a crash. All of the calculations can be found in Appendix A.
2.h: Device: Parts, Shapes and Conformation
The intent of the design thus far is purely functional. The shapes of the components like the
control arms are designed in a way that fit the chassis and suspension components the best. The
designs are also focused on ease of manufacturing. The components need to be easily machined
to help reduce cost and time spent manufacturing. Features, such as, lightening holes can be
added into the control arms to reduce weight and improve the look of the control arms. The
control arms are the only main component that are 3D printed. Once the initial design has been
tested, the arms can be modified to be more visually appealing. The camber link mount support
has CWU representation incorporated into its design. It will have CWU cut into it in the center or
simply painted on.
2.i: Device Assembly
The suspension system consists of the control arm, camber link, leaf spring pack, leaf spring
shackle, suspension mount, camber link mount, camber link mount support, front hubs (left and
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right specific), and rear hubs. These components integrate with the chassis, drivetrain, and
steering to complete the car. A drawing tree describing the cars assembly breakdown by parts
and subassemblies. See Figure B10.
2.k: Technical Risk Analysis
The safety factor for the suspension components will vary from part to part. The safety factor for
the lower control arm for instance will be higher than for the leaf spring mount on the control
arm. This is because the lower control arm mount will be much more difficult to change on the
car if it fails. Another contributing factor will be the confidence in applied load predictions.
Components like the control arms will see impulse loads that are difficult to predict. For this
reason, the control arms will receive the highest safety factor possible for the material and size
constraints of the part.
3: METHODS AND CONSTRUCTION
3.a: Construction Description
The suspension was designed so that the front and rear suspension would be as similar as
possible and that the suspension system its self would be a self-contained assembly. The only
parts that are different between the front and rear suspension are the hubs. The front hubs must
house spindles for the steering while the rear hubs must house the drive axles. These
requirements force the need to have different hub sets between the front and the rear of the car.
Aside from the hubs, all of the manufactured and purchased parts for the suspension can be used
in any position on the car. The components interchange from the front to the rear and the left to
the right position. In addition to the interchangeability of the components, the suspension system
is its own sub-assembly. Upon assembly, the front suspension is assembled, the rear suspension
is assembled, and then both sub-assemblies are bolted to the car’s chassis. Once the suspension
components are put together, the drivetrain can be added to the chassis. In addition to the
suspension system, the leaf spring pack should be noted as a sub-assembly. The leaf spring pack
is made up of multiple leaves so the leaf pack would be assembled prior to the assembly of the
suspension. The assembly of the whole car is described in the drawing tree, (Figure B17), which
is described in section 3.b. In addition to the drawing tree, exploded views of the suspension subassembly (Figure B1) and the car assembly, (Figure B5) are located in Appendix B.
3.b: Drawing Tree
The drawing tree (Figure B17), as seen below and in Appendix B, indicates how the car is
assembled. The tree indicates which parts are used in each sub-assembly that makes up the whole
assembly of the car. The part numbers above each label in the drawing tree corresponds with the
part numbers used in the drawings and the parts lists to allow them to be easily identified. The
part number labeling system is described in 3.c.

8

3.c: Parts list and labels
The parts list for both purchased and manufactured parts is available in Appendix C in Table C1
and C2. As seen in Table C2, each of the manufactured parts has their own part number. The part
numbers are to aid in organization and assembly. The part numbers are based on the material
used to make the part, the quantity that are needed for the car, and a list number to avoid
duplicate part numbers.
3.d: Manufacturing issues
Each component of the car will be made on CWU’s campus using the facilities available to
students. Machine availability was not an issue throughout the manufacturing process. The time
spend machining was mostly during the beginning of the quarter so the machines were generally
free. Any time conflict with the machine was not large enough to effect the schedule. One issue
that arose during assembly was how to align the upper suspension mounts. In order to align the
upper suspension mounts to the lower mounts, the drivetrain was used to ensure alignment.
Epoxy was used to initially secure them. Once they were aligned, holes were drilled and tapped
to secure the two parts together.
3.e: Discussion of assembly, sub-assemblies, parts, drawings (examples)
The car will be assembled using fasteners that are easily sourced from a local store. No welding
will be required on the car. Each component will be manufactured individually and then
9

assembled into some sub-assemblies before the finally assembly is created. The front and rear
suspension systems will be assembled into separate sub-assemblies before being bolted onto the
cars chassis. This allows for easy replacement in the event of a component failure of the subassembly. The parts of the car and the combined assembly of the car can be seen in Appendix B.
4: TESTING METHOD
4.a: Introduction
In order to ensure that the Baja car will withstand the ASME competition, the car will need to
complete a set of tests. In order to be competitive at the ASME competition, the car will need to
be able to complete a slalom test, sprint test, and obstacle course test. Each year of the
competition, the obstacle course changes so the test course will include as many obstacles as
possible to provide the most predictability in the performance of the car. The car will also be
subjected to some simple testing to check for suspension durability.
4.b: Method/Approach
Slalom Test:
The car will be tested on its ability to complete a slalom course. The passing criterion for the car
is to complete the course without breaking any component of the car. If the car can complete the
course, front suspension adjustments will be optimized using the fastest course times.
Sprint Test:
The car will be tested on its ability to complete a sprint from a dead stop to its maximum speed
over 30 yards. The suspension must be able to handle the torque of the engine without breaking
and keep the car controllable during the test. If the car can complete the test successfully, the rear
suspension will be optimized based on the fastest sprint times.
Obstacle Course Test:
The obstacle course will be strictly Pass/Fail. The car will need to complete a course using
obstacles that will likely be used for the competition, like jumps and rough terrain. In order to
pass, the car must complete the whole course with zero component failures. No timing will be
done for this test.
Drop Test:
The car’s initial leaf spring pack was designed to consume the full one inch of suspension
compression from a fall of two feet to the ground. In order to test the spring design and to ensure
suspension durability, the car will be dropped from two feet off the ground onto a concrete floor.
This will determine how well the springs were designed and help ensure that the suspension
components can withstand the impact loading. The drop test will pass if the springs consume the
one inch of compression on impact within plus or minus 10%. If the springs deflect out of that
range or yield, then the test has failed. The test is also Pass/Fail based on component failure.
Articulation Test:
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The suspension was designed to flex 1” down and 1” up. The suspension will be cycled the
designed 1” down and 1” up. The suspension must be able to handle the travel without any
components breaking, any components binding, or any spring yielding.
Spring Rate Test:
The spring rate of the leaf springs were calculated during the analysis. The spring rate will be
tested using a fish scale. The deflection will be measured in 0.25” increments. The spring rate
will need to be calculated once the test is completed.
4.c: Test Procedure
Test procedures will take place in Hogue Hall and Craig’s Hill. The Hogue Hall interdisciplinary
area will be used for slalom, sprint, and drop testing. The availability of the area will need to be
ensured so that the testing can take place without scheduling conflicts. Cones and timing
equipment will be required to complete the tests. The spring rate and articulation test will require
a fish scale and measuring device. Craig’s Hill is a public area so availability cannot be defined.
In order to ensure testing availability, multiple time slots will be allotted in case the area cannot
be used due to weather conditions or occupation. This portion of the testing is not timed so no
timers are required.
4.d: Deliverables
Deliverables will include a spec sheet on the cars performance including Pass/Fail criteria for
each test. The testing data sheets are located in Appendix G. The full testing report can be found
in Appendix I.
5: BUDGET/SCHEDULE/PROJECT MANAGEMENT
5.a: Budget
The total cost for the project is quite low. The budget is set at $200, has not yet been reached.
Many parts have been reused from previous CWU Baja cars, which keeps the budget low. Some
parts have also been free such as the scrap aluminum used for the suspension mounts. The bulk
of the cost will be in fasteners and bulk materials for fabrication and construction. All parts and
materials are under $50, excluding the 3D printing cost. The 3D printing cost has not been
totaled yet so those costs are not factored it. The total cost for the printing will likely be under
$150 so the budget is on course. At the moment, all funding will be personal money. Labor costs
will be free because all of the labor was done by myself with the help of many CWU faculty
members. The budget has accounted for such potential changes. The proposed budget and parts
breakdown is available in Appendix D on Table D1.
5.b: Schedule
The schedule can be seen in Appendix E as Figure E1. The schedule includes every step needed
to complete the entire project. The schedule begins with the proposal, then outlines the
construction of the project, and is followed by the testing of the car. Each heading has an
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expected completion time and an actual completion time. The completed portions of the project
have the actual completion times filled out. Each section includes a total time of completion. The
Gantt Chart is included in Appendix E as Figure E2. The Gantt Chart shows the timeline for the
main headings of the project. It illustrates the start date and the completion of each of the
headings.
5.c: Project Management
Human Resources:

MET Faculty, Project Partner, and Black Hall Faculty.

Physical Resources: 3D Printer (Hogue and/or Black Hall, CWU), CNC Mill, Vertical Mill,
and Drill Press (Hogue Hall, CWU)
Soft Resources:

Solidworks, FEA, Microsoft Excel, and Microsoft Word.

Financial Resources: Personal finances, reusable parts, and potential bulk material donation.
6: DISCUSSION
6.a: Design Evolution / Performance Creep
Building a car from scratch is a rather daunting task. It is still difficult, even with the previous
CWU RC Baja cars to compare to. In order to get a good starting point, the frame design from
the last two CWU RC Baja cars was used. With a starting point, the beginnings of the suspension
design could continue.
The first thing that needed to be decided was what type of suspension to use; live axle or
independent suspension. Independent suspension was an the easy winner because the parts are
more easily manufactured and they offer better handling characteristics. If live axles where
chosen they would have been a purchased item where the most of the components of an
independent suspension can be made using the resources available. With the type of suspension
decided, the next decision was what type of spring to use. The standard RC coil over was ruled
out because they usually require tall and bulky shock towers and they can be bought from any
RC car. The intent was for the springs to be something different and something that can be
designed and manufactured using the resources available. One idea was to use a torsion spring.
One end of the torsional spring would be indexed into the control arm and the other end into a
fixed mount. They would be easy to manufacture but the spring needs to be pre-loaded in order
to support the weight of the car. Full size cars use a key and adjustment screw but that would not
scale down very well for an RC car. The torsional spring would be a viable solution, however,
there are other options to consider. The next type of spring in question is the leaf springs. Simple
flat leaf springs are simple to manufacture, do not require obtrusive shock mounts, and offer
almost unlimited adjustability. Leaf springs offers greater simplicity and more adjustability so
they were chosen to use on the car.
The next step off the design was to design the suspension components. The suspension design
and fitment went through many phases to get proper fitment and geometry. The suspension has
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to integrate with the drivetrain so changing one required changing the other. Once the fitment
was decided, each critical component needed to be analyzed. The analysis required some
component changes and optimization.
The evolution of the suspension design provided a setup that was offered many optimal features.
The original intent for the suspension components was to be a similar as possible so that they
could be interchanged. It was assumed that some would need to be different because there are
different needs for the front and rear suspension. Keeping the idea of interchangeability in mind,
the suspension was able to be interchangeable besides one component. Each component in the
suspension can be used in any position besides the hubs. The front and rear hubs have to be
different to satisfy the drive axle and steering needs. This interchangeability offers a suspension
design with very few replacement parts needed because each part will fit any corner of the car. It
also reduces the manufacturing time and cost. Another benefit that evolved into the suspension
was the self-containment. All of the parts can be assembled off the car and then be bolted onto
the car as an assembly. This allows for a spare suspension system if necessary that is very easy to
be replaced.
6.b: Project Risk analysis
The forces and loads that the RC car will encounter are not easily predicted. Because of this, the
assumed and calculated values for the suspension components may not be high enough to
prevent breakage. The components can only be so strong though. The car is not designed to be
able to handle a full speed collision with a concrete wall because that is not practical. In most
cases the car should be able to be slowed down at least somewhat before a collision like that
would take place. Components strong enough to handle that type of impact would be too costly
or bulky for the scope of the project. Instead, the components are designed to be easily
replaceable in the event of a serious collision. The centrally mounted components of the
suspension are made of aluminum so that they are overly built. In the event of a collision, the
plastic control arms would be the weak point. These are easily 3D printed so spares are not an
issue. If a control arm breaks, it can be easily replaced.
6.c: Successful
During the design process many components were not initially successful and may still be
unsuccessful when assembly is attempted. One example is camber link mounts. They collided
with so many of the other components and there was no way to bolt them to lower mount.
Because the design worked very well for fitment, the decision was to use an epoxy to fix the
camber link mount to the lower mount. After this decision, the mounts ended up being moved so
they were able to be bolted to the lower mounts.
In order to for the car to be successful, the 3D printed ABS plastic control arms were removed in
favor of CNC’d aluminum control arms. The details on the new control arms can be seen in the
full testing report in Appendix I.
6.d: Project Documentation
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The documentation will be the current report. The final report documenting the process as a
whole including the design, analysis, construction, and testing. The analysis and part drawings
are all included in the report. They can be found in Appendix A and B respectively.
6.e: Next phase
The next phase will be for the next year’s team to improve upon our design. Although the car
was able to successfully finish the competition, there were some aspects of the requirements that
were not completely fulfilled. The car is a great benchmark for next year’s team to make even
better. The car does not have shocks and could use some weight reduction. These are just some
of the improvements that could be made.
7. CONCLUSION
The ASME RC Baja car has been designed and analyzed to fulfill each of the initial
requirements. The success criteria for the R/C Baja car suspension was to allow the car to
successfully complete the ASME R/C Baja car competition, be able to function fully in which it
was designed, and function effectively with the other components of the R/C Baja car.
The car was a success despite the few requirements that were not met. The car not only
completed the whole ASME competition, but was able to win the competition. The main success
was the fact that the car had zero failures during the competition. That was the overall goal of the
whole project. If the car broke during the competition, then the car did not have a very good
chance of winning. The large amount of time testing the car paid off. Without finding the weak
points in the suspension before the competition, the weak points would have prevented the car
from finishing the competition.
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APPENDIX I – Testing Report
Introduction
In order to ensure that the Baja car will withstand the ASME competition, the car will need to
complete a set of tests. For the car to be competitive at the ASME competition, it will need to be
able to complete a slalom test, sprint test, and obstacle course test. Each year of the competition,
the obstacle course changes so the test course will include as many obstacles as possible to
provide the most predictability in the performance of the car. The car will also be subjected to
some simple testing to check for suspension durability. Because the car will be competing in the
ASME competition, the testing must be done prior to the competition date of April 29th.
Method/Approach
Slalom Test:
The car will be tested on its ability to complete a slalom course. The passing criterion for the car
is to complete the course without breaking any component of the car. If the car can complete the
course, front suspension adjustments will be optimized to improve the performance of the car.
The results for this test are purely subjective so there will be no reported results.
Sprint Test:
The car will be tested on its ability to complete a sprint from a dead stop to its maximum speed
over 30 yards. The suspension must be able to handle the torque of the engine without breaking
and keep the car controllable during the test. If the car can complete the test successfully, the rear
suspension will be optimized based on the fastest sprint times. This is a pass fail test to see if the
car can handle the amount of power that the electric motor produces. This test will coincide with
Walter Lackey’s top speed test.
Obstacle Course Test:
The obstacle course will be strictly Pass/Fail. The car will need to complete a course using
obstacles that will likely be used for the competition, like jumps and rough terrain. In order to
pass, the car must complete the whole course with zero component failures. No timing will be
done for this test. If a component breaks on the car, the car will be fixed so that the test can be
repeated until the car does not fail.
Drop Test:
The car’s initial leaf spring pack was designed to consume the full one inch of suspension
compression from a fall of two feet to the ground. In order to test the spring design and to ensure
suspension durability, the car will be dropped from two feet off the ground onto a concrete floor.
This will determine how well the springs were designed and help ensure that the suspension
components can withstand the impact loading. The drop test will pass if the springs consume the
one inch of compression on impact within plus or minus 10%. If the springs deflect out of that
range or yield, then the test has failed. The test is also Pass/Fail based on component failure.
Articulation Test:
The suspension was designed to flex 1” down and 1” up. The suspension will be cycled the
designed 1” down and 1” up. The suspension must be able to handle the travel without any
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components breaking, any components binding, or any spring yielding. Because the parameters
are set, this will be a pass/fail test whether or not the suspension can reach its intended
articulation.
Spring Rate Test:
The spring rate of the leaf springs were calculated during the analysis. The spring rate will be
tested using a fish scale. The deflection will be measured in 0.25” increments. The spring rate
will need to be calculated once the test is completed.
Test Procedure
Slalom Test:
Per the ASME RC Baja Competition rules, the slalom is set up using 10 pylons at four feet apart.
The pylons were simulated using chalk marks on the ground. The resources needed for this test
are the chalk to mark the ground, a tape measure to mark the distances, and a 50 foot stretch of
concrete. The loading dock south of Hogue worked well for this test. Including the setup, 30
minutes should be allotted for this test. The step by step procedure to complete the test is as
follows:
Step 1:
Step 2:
Step 3:
Step 4:
Step 5:
Step 6:

Acquire the car, a tape measure, and a piece of chalk.
Mark a starting line with the chalk.
Mark the first pylon line four feet from the starting line.
Mark nine additional pylons four feet from each other.
Drive the car through the slalom.
If the car completes the slalom, repeat Step 5 after suspension and steering
adjustments to achieve the desired handling performance.

Sprint Test:
The drivetrain design requires a top speed test to compare the calculated top speed with the
actual top speed. This is a good opportunity to observe the suspension under full speed operation.
A large straight and flat surface of 30 yards or more must be used for this test. During a time
with few students about, the mall outside of Hogue Hall is a sufficient course. At a time with
little to no students, this test can be completed in less than five minutes. The step by step
procedure to complete the test is as follows:
Step 1:
Step 2:
Step 3:
Step 4:

Acquire the car and a 30 yard strip of the mall during a down period.
Roll onto the throttle until full throttle is controllable.
Observe the suspension.
If the test is successful, suspension adjustments can be made until performance
and control are optimized.

Obstacle Course Test:
In order to be competitive during the competition, the car should experience as many obstacles
and terrains as possible. Fortunately the landscaping around Hogue Hall has a vast variety of
obstacles and terrains to put the car through. Some of the terrains include, stationary rocks,
gravel, bark, grass, brick, concrete, and asphalt. Testing the cars ability to conquer these different
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terrains and obstacles will help find weak points in the car get an understanding of its
capabilities. This test will consist of five pass/fail tests for different situations. Allotting 30
minutes for this test should be sufficient. The step by step procedure to complete the test is as
follows:
Step 1:
Step 2:
Step 3:
Step 4:
Step 5:

Acquire the car and five obstacles or terrains to test the car on.
Set the car up for the first terrain/obstacle.
Attempt to maneuver the terrain/ obstacle.
Repeat Step 3 for the following for terrain/obstacles.
Record the results and observations for each obstacle.

Drop Test
The leaf springs on the car were designed to allow the suspension on a four pound car to
compress one inch when dropped from two feet. This can be tested by dropping the four pound
car from two feet. The passing criterion for this test is for the suspension to compress between
0.80” and 1.0” past horizontal. Including acquiring materials, the test can be completed in 10
minutes. The step by step procedure to complete the test is as follows:
Step 1:
Step 2:
Step 3:
Step 4:
Step 5:
Step 6:
Step 7:

Acquire the car, a tape measure, a helper, and a flat surface to drop the car on.
Measure the distance from the bottom of the frame to the flat surface when the
control arms are parallel to the frame and record the value.
Measure two feet from the flat surface.
Drop the car from the two feet height and record the closest distance that the
frame came to the flat surface.
Subtract the distance of the frame to the flat surface due to the drop from the
distance of the frame to the flat surface when the control arms are horizontal.
The resulting calculation will be the travel of the suspension due to the drop.
Record the suspension travel.

Articulation Test:
The purpose of this test is to ensure that the designed articulation is allowable without interfering
with any other component or binding. The test should take less than five minutes. The step by
step procedure to complete the test is as follows:
Step 1:
Step 2:
Step 3:
Step 4:
Step 5:

Step 6:
Step 7:

Acquire the car and a ruler.
Set the car on a flat and stable surface.
First compress the front suspension so that the control arms are parallel to the
frame and record the value.
Compress the front suspension until it is one inch below the recorded value at
horizontal and check for binding or interference.
If there is no binding at one inch of compression, then compress the suspension
until it binds or bottoms out and record the measurement from the flat surface to
the frame.
Now raise the frame one inch above horizontal and check for binding and that the
tires are still touching the flat surface.
If there is no binding or interference and the tires are still on the flat surface, then
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Step 8:

raise the frame until right before the tires come off of the flat surface and record
the value.
Repeat Steps 2-7 for the rear suspension.

Spring Rate Test:
The leaf springs on the car were designed to allow the suspension on a four pound car to
compress one inch when dropped from two feet. This load can be represented with a static load
of 31 pounds. The test can be completed in less than two minutes for all four corners of the car.
Because the test is simple and requires no large machinery, the test can be completed in the
classroom. The only two things needed to complete the test are a fish scale and a ruler. The step
by step procedure to complete the test is as follows:
Step 1:
Step 2:
Step 3:
Step 4:
Step 5:
Step 6:
Step 7:

Acquire the car, a fish scale, a ruler, test evaluation sheet, and a pencil.
Set the car on a flat and stable surface.
Hook the fish scale to the car’s wheel
Support the center mount on the car and set up the ruler in line with the lower
control arm’s outer mount
While supporting the center mount, raise the suspension up one inch by pulling
vertically on the fish scale
Record the load displayed on the fish scale
Repeat Steps 2-6 for the remaining three corners of the car

Deliverables
The Slalom, Sprint, and Obstacle tests were pass/fail so there is no numerical data. The data
sheets for these three tests include whether or not they passed the test, how many times the test
was completed, and any observations taken during the test. The car passed both the Slalom and
the Sprint test the first time through.
For the Obstacle test the car was tested in gravel, bark, grass, over a stationary rock, and down a
set of two stairs. The car had no problems making it through the three types of terrain and over the
stationary rock the first time but failed to clear the set of two stairs without injury. The rear
control arm broke when the car was jumped off of the stairs. With a new set of the 3D printed
ABS plastic arms, the car broke three of them when attempting different stationary rocks. Due to
these failures, a set of 6061 Aluminum control arms were milled on the CNC. These arms
recorded zero failures on each of the obstacle tests.
The Drop, Articulation, and Spring Rate tests did result in numerical data. The Drop Test required
simple subtraction and measurements to compare with the parameters of the test. The required
compression of the suspension for the test to pass was between 0.80”-1.0” from horizontal. The
car bottomed out when the test was done so the compression exceeded the max value. This
resulted in a failure for the Drop Test. The spring rate was calculated using an equation with
unknown assumptions so the spring rate was insufficient at supporting the car from a two foot
drop. The car was also heavier than anticipated at 5.4 pounds which also contributed to the failure.
The drop test coincides closely with the Spring Rate Test. The Spring Rate test required
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measurements so that the spring rate could be calculated. The spring rate could be calculated by
simply dividing the load of the spring by the deflection. The spring rate was supposed to be 31
pounds with a parameter between 27 and 34 pounds. The test resulted in a spring rate of five
pounds which was way outside of the parameter. There are a couple of factors that contribute to
the failure of this the Spring Rate Test. As mentioned before, the spring rate was calculated using
an equation that had unknown assumptions. This equation was set up for the design of leaf springs
but was procured from an unreliable source. When the spring rate was calculated using simple
beam deflection for one leaf spring, the resulting values mimicked the test values for one leaf
spring. Another issue that contributed to the failure of the test is the way in which the leaf springs
deflect. The leaf springs deflect more than anticipated between the leafs. This results in a spring
that is softer than it is calculated to be.
The Articulation test required simple subtraction and measurements to compare with the
parameters of the test. The articulations of the suspension surpassed its requirements by exceeding
the one inch minimum in compression and rebound in both the front and the back.
The car surpassed its expectations in some areas and lacked in others. The car passed the slalom,
spring, and articulations test without issues. With the aluminum control arms the car was able to
pass the obstacle test as well. The car has not passed the drop test or the spring rate test according
to the original requirements. Because the material used for the springs was too thin to reach the 31
pound spring force practically, the car has limitations in its dropping height. The softer spring rate
does aid in the control of the car over bumpy surfaces and the car is strong enough to withstand
impact of the suspension bottoming out, the conclusion was deemed acceptable.
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APPENDIX J – Resume

Aidan Pringle
903 N Main St.
Ellensburg, WA 98926-3149
Mobile: (509) 306-0970

Career Objective
To be a hardworking team player and build upon the skills that I have learned through my
education and work experiences.
Education
Central Washington University Bachelor of Science
2017
Major: Mechanical Engineering Technology

Expected June

Work Experience
Mapping & AutoCAD Technician
2014 – Present
Central Washington University Facilities Management Department
 Data entry and minor technical assistance.
 Utilities mapping using Trimble GPS equipment and software.
 Maintaining utilities and hard surface maps.
 Modifying and updating campus floor plans.
 Assisting in creating displays for campus department usage using AutoCAD and database
software.
Skills
Computer Experience
 AutoCAD 2014-15
 Solidworks 2015
 ArcGIS
 Trimble Global Positioning System (GPS) software
Mapping Experience
 Measuring and layout
 Trimble equipment
Additional Skills
 Tensile and torsional testing
 Entry level mechanics
 Problem solving
References
Available upon request.
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